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GLDJUDP )$'PHWKRG DQG VLPSOLILHG IDFWRU PHWKRG %XW WKHVH VDIHW\ DVVHVVPHQW PHWKRGV KDYH WKHLU SRWHQWLDO
GLVDGYDQWDJHVVXFKDVUHODWLYHFRPSOH[LW\DQGOLPLWHGDSSOLFDWLRQV
)$' PHWKRG ZDV ILUVW GHYHORSHG E\ WKH CEGB DQG LW LV RQH RI WKH PRVW ZLGHO\ XVHG VWUXFWXUDO LQWHJULW\
DVVHVVPHQWPHWKRGVFXUUHQWO\1RZWKH5>@DVVHVVPHQWRI WKHLQWHJULW\RIVWUXFWXUHVFRQWDLQLQJGHIHFWV LVDW
UHYLVLRQ  7KH )$' LV ERXQGHG E\ xD[LVLr yD[LVKr SODVWLF FROODSVH FXWRII DQG WKH FXUYHZKLFK LV FDOOHG
µ)DLOXUH$VVHVVPHQW&XUYH¶)$&7KLVFXUYHGLYLGHVWKHDVVHVVHGDUHDLQWRDVDIHUHJLRQDQGDQXQVDIHUHJLRQ,I
WKHDVVHVVPHQWSRLQW DVV DVVU U/ .  OLHVZLWKLQWKHVDIHUHJLRQIDLOXUHZLOOEHDYRLGHG,IWKHSRLQWOLHVLQWKHXQVDIHUHJLRQWKHQWKHIDLOXUHFULWHULRQZLOOEHYLRODWHGDQGDPRUHUHILQHGDQDO\VLVRUUHPHGLDODFWLRQVKRXOGEHSHUIRUPHG
$VVKRZQLQ)LJ$LVDVDIHSRLQW%LVDQXQVDIHSRLQWDQG&LVDQLQLWLDWLRQSRLQW'HVSLWHULJRURXVWKHRU\DQG









JUHDW HQJLQHHULQJ VLJQLILFDQFH %XW LW LV EXLOW IRU VSHFLILF QXFOHDU SLSH DQG QRW DSSOLHG WR HYDOXDWH WKH VDIHW\ RI
FRPPRQSUHVVXUHSLSHV
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GRPLQDWHG&RQVLGHULQJSULPDU\VWUHVVRQO\VDIHW\DVVHVVPHQWRIGHIHFWLYHSUHVVXUHSLSLQJFDUULHGRXWE\WKH)$'
PHWKRG LVVKRZQDVIROORZ$VVKRZQ LQ)LJD LI IDLOXUH LVFRQWUROOHGE\IUDFWXUHDVVHVVPHQWSRLQW$PRYHV
DORQJ WKH UD\ 2; DQG WKH UD\ 2; LQWHUVHFWV ZLWK )$& DQG FXWRII OLQH PD[UL DW SRLQW 3
LQ LQ
U/ . U DQG SRLQW 0
PD[ PD[
U U/ .  UHVSHFWLYHO\$VVKRZQLQ)LJELIIDLOXUHLVFRQWUROOHGE\FROODSVHDVVHVVPHQWSRLQW%PRYHVDORQJ
WKHUD\2<DQGWKHUD\2<LQWHUVHFWVZLWK)$&DQGFXWRIIOLQH PD[UL DWSRLQW4
LQ LQ




7KDWLVZKHQIDLOXUHRIGHIHFWLYHVWUXFWXUHLVFRQWUROOHGE\IUDFWXUHWKDWLV PD[ LQU. .!U WKHLQLWLDWLRQSRLQWLVWKH
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LQWHUVHFWLRQ LQ LQ
U U/ .  RI WKH ORDGLQJ OLQHWKHUD\2;DQG)$& WKHIDLOXUHFULWHULRQFDQEHZULWWHQDV 
DVV LQ
U U. .d DW
SUHVHQW:KHQIDLOXUHRIGHIHFWLYHVWUXFWXUHLVFRQWUROOHGE\SODVWLFFROODSVHWKDWLV PD[ LQU. .U WKHLQLWLDWLRQSRLQWLV
WKHLQWHUVHFWLRQ PD[ PD[U U/ .  RIWKHORDGLQJOLQHWKHUD\2<DQGFXWRIIOLQH
PD[/ U WKHIDLOXUHFULWHULRQFDQEHZULWWHQ
DV DVV PD[
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3.1. Defect model and applied load 
7KLVSDSHUPDLQO\DLPVDWLQWHUQDOVXUIDFHFLUFXPIHUHQWLDOGHIHFWDQGWKHGHIHFWLVXQLIRUPO\GHILQHGDVFRQVWDQW
GHSWKLQWHUQDOVXUIDFHFLUFXPIHUHQWLDOIODZDVVKRZQLQ)LJ
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/RDGV RI SUHVVXUH SLSH LV UHODWLYHO\ FRPSOH[ DQG LQWHUQDO SUHVVXUH PRPHQW DQG VHOIJUDYLW\ QHHG WR EH
FRQVLGHUHGLQJHQHUDO6LQFHWKHHIIHFWRID[LDOVWUHVVRQFLUFXPIHUHQWLDOIODZLVPRUHVLJQLILFDQWLQSUHVVXUHSLSLQJ
FRQWDLQLQJ FLUFXPIHUHQWLDO GHIHFW WR IDFLOLWDWH HQJLQHHULQJ VDIHW\ DVVHVVPHQW LW LV DOZD\V VLPSOLILHG LQWR D[LDO
VWUHVVLQFOXGLQJD[LDOPHPEUDQHVWUHVVımDQGEHQGLQJVWUHVVıbDFFRUGLQJWR5>@$60(>@,QWKLVVWXG\
VHFRQGDU\VWUHVVLVQRWFRQVLGHUHG
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3.2.2. Determined Q 
6XEVWLWXWLQJ PD[U.  WRJHWKHUZLWK
LQ
U.  LQWR(T Q YDOXHFDQEHGHWHUPLQHG7KXV WKHNH\ LV WRGHWHUPLQH
LQ
U. LQWKLVVHFWLRQ6DIHW\DVVHVVPHQWRIGHIHFWLYHVWUXFWXUHLVFDUULHGRXWE\WKH)$'PHWKRG7KHLQLWLDWLRQSRLQW
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LV WKH LQWHUVHFWLRQ LQU. RI ORDGLQJ OLQHDQG)$&IRU IDLOXUHGRPLQDWHGE\IUDFWXUHZKLOH WKH LQLWLDWLRQSRLQW LV WKH
LQWHUVHFWLRQ PD[U. RIORDGLQJOLQHDQGFXWRIIOLQH
PD[/ U IRUIDLOXUHGRPLQDWHGE\FROODSVH
$FFRUGLQJ WR WKH )$' PHWKRG ZKHQ HDFK ORDGLQJ FRPSRQHQWV FKDQJH SURSRUWLRQDOO\ DQG SULPDU\ VWUHVV LV
FRQVLGHUHG RQO\ WKH LQLWLDWLRQ SRLQW LQU. FDQ EH HQVXUHG XQLTXHO\ E\ FRQQHFWLQJ WKH RULJLQ DQG WKH SRLQW
PD[ PD[
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IXUWKHUIRUHQJLQHHULQJHYDOXDWLRQ
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4.2. Simplified PD[rK  
:KHQ D[LDOPHPEUDQH VWUHVV RQ SLSH FURVVVHFWLRQ ım UHDFKHV WKH OLPLW VWUHVV ımL DQG EHQGLQJ VWUHVV RQ SLSH
FURVVVHFWLRQ ıb UHDFKHV WKH OLPLW VWUHVV ıbL WKH HQWLUH VWUXFWXUH UHDFKHV WKH SODVWLF OLPLW VWDWH $FFRUGLQJ WR WKH
Ductile Fracture Handbook>@ PD[U. FDQEHGHILQHGE\(T,QZKLFKVKDSHIDFWRUYmYbDUHIXQFWLRQRIDW
șʌ:KLOHQRPDWWHUZKDWWKHGHIHFWVL]HLVYmLVDOZD\VVOLJKWO\JUHDWHUWKDQYbDQGWKHGLIIHUHQFHLVOHVVWKDQ
,QRUGHUWRFDOFXODWHVLPSO\YbLVUHSODFHGZLWK YmXQLIRUPO\6R(TFDQEHH[SUHVVHGDV
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$QG(T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4.3. Further simplified the failure criterion  
)DLOXUHFULWHULRQRIVDIHW\DVVHVVPHQWRISUHVVXUHSLSLQJFRQWDLQLQJFLUFXPIHUHQWLDOVXUIDFHGHIHFWLVJLYHQLQ(T
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%DVHGRQ WKHJHQHUDO IDLOXUHDVVHVVPHQWFXUYH WKLVSDSHUGHILQHVDVLPSOLILHG IDFWRUQ DQGVLPSOLILHV UHOHYDQW
SDUDPHWHUV $ QRYHO VDIHW\ DVVHVVPHQW PHWKRG QDPHG WKH Q IDFWRU PHWKRG LV SUHVHQWHG IRU SUHVVXUH SLSLQJ
FRQWDLQLQJ FLUFXPIHUHQWLDO VXUIDFH GHIHFWV 7KH Q PHWKRG LV VLPSOH HIILFLHQW VXLWDEOH IRU VDIHW\ DVVHVVPHQW RI
GHIHFWLYH SLSLQJ RI GLIIHUHQW PDWHULDOV ,W DEDQGRQV FRPSOH[ IUDFWXUH RU OLPLW ORDG DQDO\VLV:KHQ WKHQ IDFWRU
PHWKRGLVDGRSWHGWRDVVHVVWKHVDIHW\RISUHVVXUHSLSLQJFRQWDLQLQJFLUFXPIHUHQWLDOVXUIDFHGHIHFWVLWGRHVQ¶WQHHG
WR FDOFXODWH WKH DFWXDO DVVHVVPHQWSRLQW LQFOXGLQJ IUDFWXUHSDUDPHWHUKr DQG ORDGSDUDPHWHULr :KLOHPDWHULDO
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>@ .XPDU9DQG*HUPDQ0'(ODVWLF3ODVWLF)UDFWXUH$QDO\VLVRI7KURXJKZDOO DQG6XUIDFH)ODZV LQ&\OLQGHUV(35,13(OHFWULF
3RZHU5HVHDUFK,QVLWLXWH3DOR$OWR
>@ .DQQLQHQ0) HWDO 7RZDUG DQ (ODVWLF 3ODVWLF )UDFWXUH0HFKDQLFV 3UHGLFWLYH &DSDELOLW\ IRU 5HDFWRU 3LSLQJ 1XFOHDU (QJLQHHULQJ DQG
'HVLJQ9ROSS
